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the	 ventral	 side	 of	 the	 labrum	 and	 the	 dorso-apical	 part	 of	 the	 hypopharynx.	 The	 labrum	 of	




lipidic	 and	 often	 volatile	 secretions.	 Our	 observations	 suggest	 that	 the	 labral	 gland	 is	 involved	 in	





for	 resources	 with	 other	 wood-	 and	 soil-feeding	 taxa	 (Šobotník	 et	 al.	 2010a).	 Termites	 protect	






different	 signal-producing	exocrine	organs	 (Billen	&	Šobotník	2015).	Four	glands	are	 found	 in	most	
termite	species:	the	frontal	gland,	the	sternal	gland,	the	labial	gland,	and	the	mandibular	gland.	The	
presence	of	other	exocrine	organs	is	restricted	to	specific	termite	lineages,	or	to	certain	castes.	The	
function	 of	 these	 lineage/caste-specific	 glands	 is	 not	 fully	 understood,	 apart	 from	 the	 defensive	




The	 labral	 gland	was	 first	 discovered	 on	 the	 ventral	 side	 of	 the	 labrum	 in	Macrotermes	 bellicosus	






















For	 electron	microscopy	 (EM),	 soldier	 heads	were	 cut	 off	 and	 the	mandibles	 removed	 in	 order	 to	






























membranous	on	 the	ventral	 side,	with	 lower	sclerotization	 towards	 the	 tip,	often	with	 transparent	
inflated	apical	part	called	“hyaline	tip”.	The	hyaline	tip	appears	as	a	transparent	extensible	protrusion	
of	the	labrum	occurring	in	many	taxa	of	Rhinotermitidae	and	Termitidae	(Fig.	1C).	The	presence	of	the	





more	 rigid	with	 sclerotized	 cuticle.	 The	 ventral	 side	 of	 the	 labrum	 generally	 carried	 a	 few	 tens	 of	
sensillae	(Fig.	2B),	likely	acting	as	contact	chemoreceptors	(based	on	combined	SEM	and	TEM	evidence,	
see	 below),	 with	 possible	mechanosensitive	 function	 (based	 on	 striking	 similarity	 to	 campaniform	
sensillae).	While	the	dorsal	side	of	the	labrum	was	usually	smooth,	the	ventral	facies	of	the	labrum	
usually	showed	borders	between	the	underlying	epidermal	cells,	which	appeared	as	irregular	angular	
structures	between	4	 and	6	µm.	These	borders	were	well-delimited	 in	 certain	parts	 of	 the	 ventral	
surface	of	the	 labrum,	often	appearing	as	ridges	or	spines	extending	beyond	the	cell	border.	These	
features	were	especially	 developed	 in	Neotermes	 cubanus,	Glossotermes	oculatus,	Neocapritermes	
taracua,	 Spinitermes	 sp.,	 and	 Labiotermes	 labralis.	 The	 same	pattern	was	 also	 observed	 along	 the	
midline	 of	 the	 labrum	 in	 Prorhinotermes	 simplex,	 the	 basal	 half	 of	 the	 labrum	 in	 Coptotermes	






possible	 extension	 to	 the	 dorsal	 side	 at	 the	 labrum	 apex.	 An	 independent	 portion	 of	 secretory	
epithelium	appeared	also	on	the	dorso-apical	part	of	the	hypopharynx	(Figs.	3A	and	3B).	Labral	gland	
secretions	 were	 shown	 to	 accumulate	 in	 the	 space	 between	 the	 secretory	 epithelium	 and	 the	
overlaying	cuticle	with	no	reservoir.		
The	 labral	 gland	 secretory	 epithelium	 varied	 in	 thickness	 among	 species,	most	 commonly	 ranging	










The	 transmission	 EM	 revealed	 that	 the	 labral	 and	 hypopharyngeal	 epithelium	 were	 made	 up	 of	
secretory	 cells.	 The	ultrastructural	 features	of	 the	 secretory	 cells	 in	 the	 labral	 and	hypopharyngeal	
regions	of	the	labral	gland	were	almost	identical,	and	are	thus	described	together.	
The	 labral	 gland	was	predominantly	made	up	of	 columnar	 class	1	 secretory	 cells	 (according	 to	 the	
classification	 by	Noirot	&	Quennedey	 1974)	 that	were	 characterized	 by	 the	 abundance	 of	 smooth	
endoplasmic	 reticulum	 (ER),	 vesicles	 of	 different	 electron-densities,	 abundant	 mitochondria,	
numerous	microtubules	oriented	apico-basally,	glycogen	granules,	myelin	figures	and	sparse	rough	ER	
mainly	located	around	the	nucleus	(Figs.	4A,	4B,	4C).	The	secretory	cells	could	easily	be	differentiated	






lucent	 vesicles	 that	 were	 occasionally	 excreted	 at	 the	 secretory	 cell	 apex.	 Junctions	 between	
neighbouring	class	1	cells	were	formed	by	apical	zonula	adherents	followed	by	septate	junctions,	while	










The	 cuticle	 was	 in	 general	 made	 up	 of	 three	 layers	 including	 endocuticle	 of	 helicoid	 structure,	
exocuticle	 showing	 no	 discernible	 layers,	 and	 a	 thin	 epicuticle	 (see	 Table	 S1).	 The	 labral	 gland	




width	of	 the	pore	canals,	which	widened	 towards	 the	cuticle	base	 (Fig.	4D),	and	 the	occurrence	of	
epicuticular	pores	allowing	for	the	secretion	to	be	evacuated	from	the	body.		
Secretory	 cells	 were	 innervated	 by	 free	 axons	 frequently	 observed	 at	 the	 base	 of	 the	 secretory	
epithelium	 (Fig.	 4C).	 The	 singular	 axons	 without	 envelope	 cells	 often	 occurred	 among	 the	 basal	
invaginations,	and	sometimes	contained	typical	electron-dense	grains	of	neurosecretions.	A	different	
kind	 of	 neural	 tissue	was	 represented	 by	 groups	 of	 sensillae	 located	 along	 the	 central	 line	 of	 the	





S3E).	Major	soldiers	of	Dolichorhinotermes	 longilabius	possessed	particularly	 large	amounts	of	 lipid	
droplets,	 with	 electron	 dense	 granules	 that	 dissolved	 into	 lucent	 vesicles.	 In	 all	 studied	
Nasutitermitinae	 the	 labral	 gland	 was	 relatively	 underdeveloped,	 although,	 the	 cells	 retained	 the	
general	labral	gland	characteristics.	
Class	3	secretory	cells,	when	present,	commonly	occurred	on	the	dorsal	side	of	the	labrum	and	were	







The	 cells	 were	 equipped	 with	 porous	 receiving	 canals	 continuous	 with	 a	 conducting	 canal	 of	

















that	 labral	gland	might	be	present	 in	all	 termite	castes,	pointing	out	 its	 importance	during	 termite	
evolution.	
Labral	gland	is	split	into	two	secretory	regions	located	in	the	ventral	part	of	labrum	and	dorso-apical	
part	of	hypopharynx,	 respectively.	Although	the	secretory	epithelium	 is	always	thicker	 in	 the	 labral	
part,	the	ultrastructure	of	secretory	cells	present	in	these	two	secretory	regions	is	virtually	identical.	
We	therefore	expect	that	both	secretory	regions	play	the	same	role,	and	should	be	thus	treated	as	a	
single	 gland.	 The	 nomenclatural	 change	 from	 “labral	 gland”	 into	 “cibarial	 gland”	 proposed	 by	
Quennedey	(1984),	based	on	the	gland	development	in	two	regions,	is	therefore	redundant	and	the	
original	name,	well-accepted	by	the	scientific	community,	should	prevail.	
The	 hyaline	 tip	 is	 a	 traditional	 morphological	 character.	 The	 dorsal	 side	 of	 the	 labrum	 is	 always	
sclerotized,	while	the	ventral	part	is	always	formed	by	lucent	membranous	cuticle.	However,	species	
may	 differ	 in	 level	 of	 sclerotization	 of	 the	 dorsal	 side,	 especially	 at	 the	 labrum	 apex.	While	 some	
soldiers	reveal	unchanged	level	of	labrum	sclerotization	(hyaline	tip	absent),	the	level	of	sclerotization	
often	decreases	towards	the	labrum	apex	in	others	(hyaline	tip	present).	All	basal	taxa	primarily	lack	
the	hyaline	 tip,	which	 evolved	 in	 a	 common	ancestor	 of	 Rhinotermitidae	 and	Termitidae,	 and	was	
subsequently	 lost	 at	 least	 four	 times	 independently.	Once	 in	Nasutitermitinae,	 in	which	 the	 entire	
labrum	 is	 greatly	 reduced	 in	 size,	 twice	 independently	 in	 lineages	 with	 snapping	 soldiers,	
Pericapritermes	 and	Neocapritermes	 +	 Planicapritermes,	 and	 once	 in	Microcerotermes.	 While	 the	
hyaline	tip	has	been	shown	to	disappear	 in	some	lineages,	the	 labral	gland	was	found	in	all	studies	
termite	families	in	this	study.	This	infers	that	the	evolution	of	the	snapping	mandibles	did	not	see	a	
loss	 of	 the	 labral	 gland	 and	 suggests	 that	 the	 evolution	 of	 mandibles	 has	 not	 necessarily	 been	
accompanied	by	a	reduction	or	loss	of	chemical	adaptation	(Kyjaková	et	al.	2015).		




abundance	 of	 smooth	 endoplasmic	 reticulum,	 (ii)	 the	 presence	 of	 apical	 microvilli	 with	 a	 central	
ductule,	 (iii)	 well-developed	 basal	 invaginations	 ensuring	 the	 intake	 of	 precursors	 from	 the	
haemolymph,	and	(iv)	cuticular	modifications	in	the	tip	of	the	labral	gland	allowing	gland	secretions	to	
reach	 the	 exterior	 (see	 also	 Deligne	 et	 al.	 1981,	 Quennedey	 1984,	 Šobotník	 et	 al.	 2010b,	 Costa-



















whose	 secretion	 releases	 are	 controlled	 by	 groups	 of	 campaniform	 sensillae	 (Stuart	 &	 Satir	 1968,	
Quennedey	et	al.	2008).		
Class	3	cells	occur	frequently	on	the	dorsal	side	of	the	labrum	as	well	as	on	the	sclerotized	body	cuticle	
(Šobotník	 et	 al.	 2004,	 2005).	 Class	 3	 cells	 may	 also	 occur	 adjacent	 to	 the	 labral	 gland	 secretory	
epithelium	 but	 should	 not	 be	 considered	 as	 part	 of	 the	 labral	 gland	 until	 the	 two	 cell	 classes	 are	
combined,	as	seen	in	G.	oculatus	(Šobotník	et	al.	2010b),	the	minor	soldiers	of	D.	longilabius	(presented	
here),	C.	cumulans	(Costa-Leonardo	&	Haifig	2014)	and	T.	hospes	(presented	here).	The	class	3	cells	
were	 never	 observed	 in	 the	 hypopharyngeal	 part	 of	 the	 labral	 gland	 in	 none	 of	 above-mentioned	
species.	The	ultrastructure	of	 the	class	3	secretory	cells	 is	uniform	 in	 termites,	 irrespective	of	 their	




moderately	 electron-lucent	 vesicles	 released	 to	 the	 extracellular	 reservoir	 (“end	 apparatus”),	 into	
which	 the	 cuticular	 canal	 is	 inserted.	 This	 ultrastructure	 suggests	 that	 rough	 ER	 produces	





















Credit	 for	 figure	1B	goes	to	Aleš	Buček	(OIST,	 Japan).	We	thank	Mirek	Hyliš	 from	the	Laboratory	of	
Electron	Microscopy	(Faculty	of	Sciences,	Charles	University	in	Prague)	for	his	help	and	support	at	using	
the	SEM	and	TEM.	We	are	grateful	to	Yves	Roisin	for	constructive	criticisms	of	the	MS.	We	also	thank	
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a	 group	 of	 sensillae	 (marked	with	white	 arrows)	 in	C.	 formosanus	 labrum.	 (C)	 Large	magnification	
micrograph	of	the	apical	region	with	epicuticular	pores	in	S.	sphaerothorax	labrum.		
	 	
	Figure	3.	Sagittal	sections	of	the	forehead	of	P.	hybostoma	medium	soldier	(A)	and	N.	taracua	soldier	
(B),	showing	the	secretory	epithelium	in	hypopharynx.	Abbreviations:	cl=	clypeus,	hy=	hypopharynx,	
lb=	labium,	lg=	labral	gland.		
	Figure	4.	Ultrastructure	of	the	labral	gland	in	soldiers.	(A)	Overall	development	of	the	labral	gland	in	L.	
labralis.	Note	the	development	of	the	apical	microvilli	and	basal	invaginations.	(B)	Detailed	labral	gland	
secretory	cell	class	1	cytoplasm	in	N.	taracua	showing	well	developed	smooth	endoplasmic	reticulum.	
(C)	Detailed	labral	gland	secretory	cell	class	1	cytoplasm	in	the	large	soldier	of	D.	longilabius	showing	
a	free	axon	located	at	the	base	of	the	secretory	epithelium.	(D)	Highly	modified	cuticle	underlying	the	
labral	gland	in	E.	neotenicus.	Note	enlarged	pore	canals	ensuring	the	secretion	release	and	the	margin	
of	the	sensillum.	(E)	Class	3	secretory	cell	in	G.	oculatus.	Abbreviations:	a	=	axon,	c3	=	class	3	secretory	
cell,	cc=	conducting	canal,	en=	endocuticle,	ex=	exocuticle,	g	=	glycogen,	bi	=	basal	invaginations,	m	=	
mitochondria,	ms	=	margin	of	the	sensillum,	mt=	microtubule,	mv	=	microvilli,	n	=	nucleus,	rer	=	rough	
endoplasmic	reticulum,	ser	=	smooth	endoplasmic	reticulum.		
